Introduction
Zinc is an essential micronutrient for humans. It is known to have a role in the catalytic (synthesis of digestive enzymes and antioxidant effects), structural (bone growth and protein synthesis), and regulatory (DNA synthesis) functions of the body [1] .
Zinc deficiency primarily affects tissues with high turnover (e.g., gastrointestinal mucosa, skin, and blood cells), but disorders in physical growth and sexual development are among the best-known consequences of chronic zinc deficiency [1] . Insufficient intake, increase in demand, food habits (consumption of foods inhibiting zinc absorption), and some diseases (such as chronic or recurrent diarrhea) are the major causes of zinc deficiency [2] . The production of some hormones affecting bone growth, such as somatomedin C, osteocalcin, testosterone, thyroid hormones, and insulin, requires zinc [3] . Zinc deficiency also affects smell and taste and has direct and indirect effects on growth retardation [4] . Development, growth, and differentiation of brain cells depend on the presence of zinc [5] , and chronic zinc deficiency can result in learning disorders and memory problems [6, 7] . The World Health Organization (WHO) reported the number of disability-adjusted life years (DALYs) lost due to zinc deficiency to be about 29 million, with 90% of lost DALYs affecting developing countries. According to the same report, 800 thousand deaths per year are directly or indirectly due to zinc deficiency, especially in Southeast Asia and Africa, with 300 thousand and 350 thousand annual deaths, respectively [8] .
Zinc is found in expensive foods such as meat and other high-protein foods. Thus, zinc deficiency is directly related to poverty [1] . Plant-source foods that are most common in the diets of developing countries are low in zinc and also contain zinc absorption inhibitors (phytates). This results in a high prevalence of zinc deficiency in these countries [9, 10] . Studies carried out in the last two decades show that zinc deficiency is a major problem globally and affects people's health and social welfare. The studies have shown that diarrhea, pneumonia, and malaria are 1.28, 1.52, and 1.56 times more prevalent in zinc-deficient children than in nondeficient children [11] .
In order to help policy makers in decision-making, a national survey was carried out in 2001 to gather baseline information about the zinc status of preschool Iranian children.
Methods
Iran, with a population of about 75 million and a land area of over 1,648,000 km 2 , is divided into 31 provinces. Sixty-two percent of the population resides in urban areas and 38% in rural areas. This cross-sectional study was carried out on 4,374 healthy preschool children (aged from 5 years, 11 months, and 30 days to 6 years, 11 months, and 29 days) selected from Iranian families in 11 regions (400 samples in each region) nationwide from May 25 to June 3, 2001 .
The sampling framework to access the statistical units in each urban and rural area of each region was as follows. The statistical framework of families in rural areas was based on the census of health houses and ambulant teams carried out in March 2000. The statistical framework of families in urban areas was based on the census carried out for polio eradication in 1996 or the census carried out by urban health centers or health posts in March 2001.
In consultation with sociology and epidemiology experts, the country was divided into 11 regions based on the results obtained from the anthropometric nutritional indicators survey in Iranian children under 6 years of age [12] and on ethnic, geographic, and socioeconomic characteristics (table 1). Samples were chosen as clusters with unequal numbers of households but equal numbers of children under 6. Eighty cluster heads were selected in each region according to urban and rural household statistical frameworks and divided proportionately between urban and rural areas. In each cluster, five statistical units were studied.
Sample selection was performed by the Ministry of Health and Medical Education using population data Health houses are the smallest units providing primary health care services to rural populations.
Ambulant teams render primary health care services to rural populations in villages that do not have health houses.
Urban health posts deliver primary care services only and are supervised by urban health centers.
from each province and district. Ethical approval was received from the ethical committee of the Ministry of Health and Medical Education, located in the office of the Undersecretary for Research, which is responsible for dealing with the ethical issues of all research carried out in the health and medical sector of the country.
A week before the study started, clusters and selected households were identified through the primary health care (PHC) network in different districts. A day was fixed and mothers were invited to come to rural health houses or urban health centers. The health or nutrition expert of the district informed the mothers of the goals of the study and answered their questions. In some districts fathers were also informed. Written consent was then obtained, and the mothers were asked to bring their children to the health house or health center on the appointed day for blood sampling. A 4-mL blood sample was taken from the child in the nonfasting state between about 9 and 11 AM and poured into an acid-washed test tube. All blood samples were collected, placed in dry ice, and sent to the district laboratory within 30 minutes. In this laboratory, blood was immediately centrifuged (2,000 RPM for 15 minutes) and serum was separated from the clot. Serum was collected in acid-washed polyethylene tubes using a sampler and capped. The test tubes were labeled with an identification number and the date of sampling and kept at -20°C until they were sent to the Tehran reference laboratory with maintenance of the cold chain. The level of zinc was measured twice in each sample by atomic absorption spectrometry, and the mean value The data were analyzed with EPI6 (version 6.04b) and Microsoft Excel software. The cutoff point for the diagnosis of zinc deficiency was set at a zinc serum level of less than 10 µmol/L [13] , with 7.7 µmol/L as the cutoff point to define severe cases [14] . The prevalence of zinc deficiency in each region was calculated in urban and rural areas separately and compared by the chi-square nonparametric test. The mean zinc serum levels for the total of all samples were compared between boys and girls and between urban and rural populations by Student's t-test.
Results
Of the total of 4,400 samples taken, 26 were not analyzed because of insufficient volume or other errors during sampling, leaving 4,374 samples to be analyzed (table 2). The number of samples was equal in each region. The percentages of urban and rural residents (57.3% and 42.7%, respectively) in this study reflect the urban and rural distribution of the population obtained in the national census of 1996 [15] .
There were no significant differences in mean serum zinc levels between boys and girls and between urban and rural populations. Serum zinc levels were below 10 µmol/L in 19.6% (95% confidence interval [CI], 18.3%-20.9%) of children studied. The prevalence of serum zinc levels below this limit was significantly higher in rural areas (22 The highest prevalence of zinc deficiency was seen in the rural population of northwest Iran (region 2) and the lowest in the urban population of southwest Iran (region 7). In five regions, the prevalence of zinc deficiency was significantly higher in rural than in urban populations. No significant differences in the prevalence of zinc deficiency were found between boys and girls in any of the 11 regions (table 4) . The weighted prevalence of zinc deficiency in each region was calculated based on the percentages of urban and rural residents in each region. National rates were also calculated by taking into account the percentages of urban and rural residents in each region compared with the national population ( figs. 1 and 2 ).
Discussion and conclusions
The information presented in figure 2 shows that 19.3% of preschool Iranian children had serum zinc levels lower than 10 µmol/L. The prevalence of low serum zinc levels was significantly higher in rural than in urban children (22.5% and 17.2%, respectively). It should be noted that children with acute inflammatory symptoms were not excluded from the study, and laboratory tests for inflammation were not performed in this study. National data from Mexico showed that 21.4% (95% CI, 15.6%-27.1%) of all children 5 to 6 years of age were zinc deficient, with the prevalence higher in rural areas (34.3%) than in urban areas (13.9%), results very similar to those of our study [16] . A survey conducted in Saudi Arabia found a 22% prevalence of low serum zinc levels (< 10 µmol/L) in urban preschoolers [17] . Holt et al. reported a 50% prevalence of hypozincemia in 5-to 15-year-old Australian schoolchildren [18] .
Bahl et al. studied zinc plasma levels as a predictor of respiratory and diarrheal diseases in the children of poor urban areas of India [19] . Thirty-two percent of the children had serum zinc levels lower than 8.4 µmol/L, a much higher percentage than that in the current study (5.4%). Severe zinc deficiency was found in 2.9% of children (2.3% of urban and 3.7% of rural children); this prevalence is close to that found by Alshatawi [17] in preschoolers (2.3%) but is less than that reported by Al-Timimi et al. [20] in 2-to 10-year old Iraqi children (7.7%). In the present study in Iran, 46.6% of the children had serum zinc levels less than 12.2 µmol/L. This prevalence is lower than those reported by Alshatawi [17] (54.4%), Torrejon et al. [21] (79.7%), and Al-Timimi et al. [20] (54.8%).
Moreover, although no comprehensive survey of zinc deficiency in Iran has yet been performed, our results show that the problem in preschool children is worrisome and needs prompt action in all regions. Compared with other micronutrient deficiencies in the same age group as described in a recent Iranian government report [22] , zinc deficiency is more prevalent.
The prevalence of zinc deficiency increases with age from 10.8% in 15-to 24-month-old children [22] to 19.3% in the preschool age group. This indicates that in order to reduce the prevalence of zinc deficiency in preschool children, it is necessary to perform certain preventive measures in younger children.
The intake status of zinc-containing foods or zinc absorption inhibitors was not assessed in this study. Taking into consideration other studies on the intake status of these foods (as a direct cause of zinc deficiency), together with the results of studies on the prevalence of poverty (as the major cause of nutrition insecurity and thus of zinc deficiency), in addition to the results obtained from this survey would be very helpful for outlining and designing sustainable strategies to alleviate zinc deficiency in this age group.
The comprehensive food-consumption study of Iranian families carried out in 2000 showed that proteins contribute only about 10% of daily energy needs. Furthermore, the per capita consumption of meat and protein products, the main food sources of zinc, and also of legumes, another major source of zinc, is not sufficient [23] .
Bread is the staple food in Iranian families, with a daily per capita intake of 320 g, providing up to onethird of energy needs in the population [23] . Unfortunately, the phytate content of traditional Iranian bread is high [24] , resulting in low bioavailability of zinc. Phytic acid has been shown to be an inhibitor of zinc absorption in human and animal studies. This is true especially when the molar ratio of phytate to zinc is over 15. At this level an insoluble complex is formed in the gastrointestinal tract, resulting in low absorption of zinc [25, 26] . One of the important measures in Iran to overcome zinc deficiency will be improvement of the quality of bread.
According to the food-consumption survey, the per capita intake of meat and protein products is lower in rural than in urban areas [23] . This may partly explain the higher prevalence of zinc deficiency in rural areas. Other surveys show that the per capita income of rural families is lower than that of urban families [27] , which might be a reason for the lower consumption of meat by rural families.
The long-term sustainable strategy to decrease the prevalence of zinc deficiency will involve economic development programs. But short-and medium-term interventions, such as supplementation, fortification, nutritional behavior changes that target increases in per capita intake of high-protein foods and reductions in intakes of foods containing inhibitors of zinc absorption, and self-sufficiency programs at the local levels, may also be considered to alleviate the problem.
One of the programs that the Nutrition Department of the Ministry of Health and Medical Education of Iran has designed to address the control of zinc deficiency is fortification of flour with multiple micronutrients, including zinc. This program is being carried out as a pilot project and will be scaled up to the national level if proved to be efficient. A supplementation program for preschool children, at least on a regional scale, is worth considering.
